We study the quantum separability problem by using general symmetric informationally complete measurements and derive separability criteria for arbitrary high dimensional bipartite systems of a d1-dimensional subsystem and a d2-dimensional subsystem and multipartite systems of multipartitelevel subsystems. These criteria are of more effective and wider application range than previous criteria. They provide experimental implementation in detecting entanglement of unknown quantum states.
I. INTRODUCTION
The detection of entanglement is one of the most fundamental and attractive tasks in quantum information theory and quantum information processing. It is well-known that quantum entanglement enables numerous applications ranging from quantum cryptography to quantum computing(see reviews [1, 2] and the references therein). For pure quantum states, there have been numerous criteria to distinguish quantum entangled states from the separable ones. For the general mixed states, there has been considerable effort to analyze the separability. But till now we don't have an operational criterion of separability. There have been some necessary criterion for separability, such as Bell inequality [3] , positive partial transposition criterion [4, 5, 8] , realignment criterion [9] [10] [11] [12] [13] , covariance matrix criterion [14] ,and correlation matrix criterion [15] [16] [17] , entanglement witness [5] [6] [7] .
Although numerous mathematical tools have been employed in entanglement detection of given known quantum states, experimental implementation of entanglement detection for unknown quantum states has fewer results [18] [19] [20] [21] . The authors [22] connected the separability criteria to mutually unbiased bases (MUBs) [23] in two-qudit, multipartite and continuous-variable quantum systems. Based on the correlation functions, the criterion uses local measurements only, and can be implemented experimentally. In Ref. [24] , Chen et al. generalized such idea and proposed a separability criteria for two-qudit states by using mutually unbiased measurements (MUMs) [25] . It is shown that the criterion based on MUMs is more effective than the criterion based on MUBs and for isotropic states this criterion becomes both necessary and sufficient. After that, Liu et al. [26] derived separability criteria for arbitrary high-dimensional bipartite and multipartite systems using sets of MUMs.
Besides mutually unbiased bases, another intriguing topic in quantum information theorem is the symmetric informationally complete positive operator-valued measurements (SIC-POVMs) [27, 28] . Most of the literature on SIC-POVMs focus on rank 1 SIC-POVMs (all the POVM elements are proportional to rank 1 projectors). Such rank 1 SIC-POVMs have been shown analytically to exist in dimensions d = 1, · · · , 16, 19, 24, 28, 35, 48 , and numerically for all dimensions d ≤ 67 (see [28] and references therein). However, despite the enormous effort of the last years, it is still not known if rank 1 SIC-POVMs exist in all finite dimensions. In [29] , the author introduced the concept of general SIC-POVMs in which the elements need not to be of rank one, and showed that such general SIC-POVMs exist in all finite dimensions. And then Gour and Kalev [30] constructed the set of all general SIC-POVMs from the generalized Gell-Mann matrices. Recently, in Ref. [31] , the authors used the general SIC-POVMs to derive separability criteria for arbitrary d-dimensional bipartite and multipartite systems.
In this paper, we study separability problem via general SIC-POVMs and propose some criteria for the separability of arbitrary high dimensional bipartite systems and multipartite systems of multi-lever subsyetems.
II. SICS AND GENERAL SICS
A POVM {P j } with d 2 rank one operators acting on C d is symmetric informationally complete, if Only in a number of low dimensional cases, the existence of SIC-POVMs has been proved analytically, and numerically for all dimensions up to 67(see [28] and the references therein).
A set of d 2 positive-semidefinite operators
on C d is said to be a general SIC measurement, if
where α, β = 1, 2, · · · , d
2 , α = β, I is the identity operator, and the parameter a satifies
Moreover,like the mutually unbiased measurements, in Ref. [29, 30] , the authors explicitly constructed general symmetric informationally complete measurements for arbitrary dimensional spaces. Let
α=1 be an orthonormal basis of a real vector space of dimensional
Here t should be chosen such that P α ≥ 0, and corresponding to the construction of general SIC-POVMs, the parameter a is given by
The entanglement detection based SIC-POVMs has been briefly discussed in Ref. [32] , but the method is subject to the existence of SIC-POVMs. However these general symmetric informationally complete measurements do exist for arbitrary dimension d, and have many useful applications in quantum information theory. And in Ref. [33] , based on the calculation of the so-called index of the coincidence, the author derived a number of uncertainty relation inequalities via general SIC-POVMs measurements. In addition, for the given SIC-POVM P = {P j } on C d and the density matrix ρ, the author [33] proposed a equality about the index of the coincidence C(P|ρ), that is,
where
At the same time, when the density matrix ρ is pure,
III. GENERAL SIC-POVMS BASED SEPARABILITY CRITERION
In Ref. [31] , the authors used the general SICPOVMs to propose separability criteria for arbitrary ddimensional bipartite and multipartite systems. Here we will give the criterion about arbitrary high dimensional bipartite and multipartite systems.
k=1 be any two sets of general SIC-POVMs on C d1 and C d2 with parameters a 1 , a 2 , respectively. Define
Tr(P nj |φ φ|)Tr(Q nj |ψ ψ|)
].
Then we can get
. It is worthy to note that the criteria in Ref. [31] is the corollary of Theore 1. In fact, if
k=1 are any two sets of general SICPOVMs on C d , with the same parameter a, then by Theorem 1 there is
which is the desired result. Therefore ,the criterion in Ref. [31] is the special case of our criterion of Theorem 1. And Our criteria is also both necessary and sufficient for the separability of isotropic states. Unlike the criterion based on SIC-POVMs in Ref. [32] , our criteria work perfectly for any dimensional d. By using the Cauchy-Schwarz inequality, we can obtain stronger bound than in Theorem 1 .
Theorem 2 Let ρ be a density matrix in
j=1 be any two sets of general SIC-POVMs on C d1 and C d2 with parameters a 1 , a 2 . Define
. As theorem 1, we need only to consider pure separable state ρ = |φ φ| ⊗ |ψ ψ|, since Tr[(P nj Q nj )ρ] is a linear function. Then we have
Here we use the Cauchy-Schwarz inequality and the equality (1). Then for any density matrix, we can have
The bound in Theorem 2 is lower than that in Theorem 1 since
It is characteristic for multipartite systems that the definition of entanglement is not unique. For the reason, we can discuss it with the the notions of k-partite entanglement or k-nonseparability for given partition and unfixed partition,respectively [1, 2] . A pure state |φ of a n-partite system is called k-separable if it can be written as a tensor product of k vectors, i.e. |φ = |φ 1 |φ 2 · · · |φ k . States that are n-separable do not contain any entanglement and are called fully separable. In addition, those states whose entanglement ranges over all n parties are called genuine multipartite entangled states. The generalization to mixed states is direct: A mixed state is called k-separable if it can be written as a convex combination of k-separable states ρ = k p k ρ k , where ρ k is k-separable pure states. In the following, we will give two criteria for multipartite systems and then argue k-nonseparability for a given partition of n-partite system.
Theorem 3 Suppose ρ is a density matrix in
Tr(
[Proof]. Let ρ = k p k P k , with k p k = 1, be a fully separable density matrix, where
where we use the inequality
Finally, we can get
Theorem 4 Assume that ρ is a density matrix in
j=1 are m sets of general SIC-POVMs on C di with parameters a i , i = 1, 2, · · · , m. Define
[Proof]. Let ρ = k p k P k be a fully separable pure state,where k p k = 1.
Then using the Cauchy-Schwarz inequality, we can get
So using the equality (1), we finally get J(ρ) = max I(ρ) ≤ min i =j
For Theorem 3 and Theorem 4, we don't require the subsystems with the same dimension, so we can use them straightforward to detect k-nonseparable states with respect to a fixed partition. For an n-partite state ρ in
Our criteria are better than the previous ones [22, 24, 26, 32] . First, Comparing with [22] and [32] , our criteria are suitable for arbitrary dimension d because the general SIC-POVMs do exist for arbitrary dimension d. Second, we can detect entanglement more wider and effective than the authors [24] and [26] . The criteria in this paper could detect the separability of arbitrary high dimensional bipartite systems and multipartite systems of different dimensions, but the criteria [24] are not. To Ref.
[26], we just need less joint local measurements, reducing the complexity of experimental implementation.
IV. CONCLUSION AND DISCUSSIONS
We have studied the separability problem via general SIC-POVMs and have presented separability criteria for the separability of arbitrary high dimensional bipartite systems of a d 1 -dimensional subsystem and a d 2 -dimensional subsystem and multipartite systems of multipartite-level subsystems. For isotropic states, our criteria are both necessary and sufficient. It detects all the entangled isotropic states of arbitrary dimension d. The powerfulness of our criterion is due to that these criteria are more effective and wider applications range than previous criteria and comparing with the criteria based on mutually unbiased measurements, our criteria require less local measurements. For multipartite systems, we can detect the k-nonseparability of n-partite and high dimensional systems. It would be interesting to study the separability criteria of multipartite systems with different dimensions via complete set of general SIC-POVMs.
